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MATH SPEAK - TO BE UNDERSTOOD AND MEMORIZED 

1) STANDARD FORM OF A QUADRATIC FUNCTION = a statement where the expression of a quadratic 
function is written in descending order of x:   y = ax 2 +bx +c  where   a ≠ 0 . 

2) VERTEX FORM OF A QUADRATIC FUNCTION = a statement where the expression of a quadratic 

function is written in this pattern:   y = a x − p( )2
+q  where   a ≠ 0  and a, p and q represent real numbers. 

3) LEADING COEFFICIENT = is represented by the letter a of both the standard and vertex forms of a quadratic 
function.  i.e. a = leading coefficient.  The leading coefficient determines the up or down orientation of a 
parabola and impacts the point pattern used to draw a parabola. 

4) POINT PATTERN = a horizontal and vertical pattern starting at the vertex that is used to create the points 
required to sketch the parabola of a quadratic function. 

  

COMPARING QUADRATIC FUNCTIONS IN STANDARD AND VERTEX FORM 
I) ALL QUADRATIC FUNCTIONS CAN BE WRITTEN IN TWO PATTERNS: STANDARD FORM and VERTEX FORM 

A) The standard form of a quadratic function is the pattern in which the quadratic expression is written in 
descending order of x:   y = ax 2 +bx +c  where   a ≠ 0  and a, b and c represent real numbers.  The VERTEX 

FORM of a quadratic function is this pattern:   y = a x − p( )2
+q  where   a ≠ 0  and a, p and q represent real 

numbers. 
1) i.e. STANDARD FORM VERTEX FORM  

 

   

y
1

= ax 2 +bx +c

y
2

= x 2− 4x + 6

y
3

= 3x 2 + 7x + 4

y
4

= −4.9x 2−8x + 9

y
5

= −5x 2 +153.2x

 

  

y
1

= a x − p( )2
+q

y
2

= x −2( )2
+ 2

y
3

= x + 7( )2
= x + 7( )2

+ 0

y
4

= −4 x + 8( )2
−1

y
5

= x 2−7 = x −0( )2
−7

 

B) The vertex form of a quadratic function is much more useful than its standard form because the vertex form 
gives all the information necessary to draw its parabola without having to use the graphing calculator. 

  

READING THE VERTEX FORM QUADRATIC FUNCTIONS 
I) THE VERTEX FORM OF A QUADRATIC FUNCTION IS MUCH MORE USEFUL THAN ITS STANDARD FORM BECAUSE 

THE VERTEX FORM GIVES THE COORDINATES OF THE PARABOLA'S VERTEX, ITS DIRECTION OF OPENING (UP 
OR DOWN), AND THE POINT PATTERN USED TO CREATE THE POINTS REQUIRED TO DRAW THE FUNCTION’S 
PARABOLA ON A GRID. 

A) The VERTEX FORM of a quadratic function is   y = a x − p( )2
+q  where   a ≠ 0 .  The values of p and q given in 

the vertex form are intimately related to the coordinates of the vertex.  As a result, it is essential that you be 
able to read the vertex form in order to correctly determine the values of p and q.  To correctly determine the 
values of p and q from a quadratic function written in vertex form, there must be a subtract sign after the x-

variable and an addition sign after the exponent.  For instance   y = x −2( )2
+ 3  is in vertex form with a subtract 

sign after the x-variable   ∴ p = 2 .  It also has an addition sign after the exponent   ∴ q = 3 .    y = x + 7( )2
−8  is a 

variation of vertex form because it has an addition sign after the x-variable   ∴ p ≠ 7  and a subtract sign after 
the exponent   ∴ q ≠ 8 .  The SAMPLE PROBLEMS on the next page illustrate how to ensure when a quadratic 
function written in vertex form, there is a subtract sign after the x-variable and an addition sign after the 
exponent in order to correctly determine the values of p and q. 
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1) SAMPLE PROBLEMS 1: Study these examples carefully.  Be sure you understand and memorize the 
process used to complete them. 
a) Write these quadratic functions in vertex form with a subtract sign after the x-variable and an addition 

sign the exponent then state the values of p and q. 

i)   y = x + 2( )2
+ 3  

This quadratic function is in vertex form with an addition sign after the x-variable therefore it must 
be changed to a subtract sign.  The sign after the exponent is an addition so it does not have to be 
changed.  Since multiplying two negatives (subtract signs) makes a positive (addition sign), thus the 
addition sign after the x-variable can be replaced with two subtract signs as indicated below. 

ii)   y = x −6( )2
−9  

This quadratic function is in vertex form with a subtract sign after the x-variable so it does not 
need to be changed.  There is a subtraction sign after the exponent therefore it must be changed to 
an addition sign.  Since multiplying a positive (addition sign) by a negative (subtract sign) makes a 
negative (subtract sign), thus the subtract sign after the exponent can be replaced with one addition 
and one subtract sign as indicated below. 

iii)   y = x + 7( )2
−8  

This quadratic function is in vertex form with an addition sign after the x-variable therefore it must 
to be changed to a subtraction sign.  Since multiplying two negatives (subtract signs) makes a 
positive (addition sign), the addition sign after the x-variable can be replaced with two subtract 
signs.  There is a subtraction sign after the exponent therefore it must be changed to an addition 
sign.  Since multiplying a positive (addition sign) by a negative (subtract sign) makes a negative 
(subtract sign), the subtract sign after the exponent can be replaced with one addition sign and one 
subtract sign as indicated below. 

2) REQUIRED PRACTICE 1: Write these quadratic functions vertex form with a subtraction sign after the 
x-variable and an addition sign after the exponent then state the values of p and q.  SHOW THE 
PROCESS!!  {Answers are on page 7 of these notes.} 

a)   y = x + 9( )2
+ 3  b)   y = 7 x −6( )2

−89  c)    y = x + 3( )2
− 4.2  d)   y = 1

7 x + 9( )2
−1  

II) VERTEX: Determining the coordinates of the vertex from the vertex form of a quadratic function. 
A) WHEN A QUADRATIC FUNCTION IS WRITTEN IN VERTEX FORM, THE COORDINATES OF THE VERTEX ARE 

V(p, q)   State the values of p and q then state the coordinates of the vertex for these quadratic functions.   .
1) SAMPLE PROBLEMS 2: Study these examples carefully.  Be sure you understand and memorize the 

process used to complete them. 
 Quadratic Function Value of p Value of q Vertex  

  y1
= x −2( )2

+ 3   

  y2
= x −6( )2

− 4   

  y3
= x + 3( )2

+ 5   

  y4
= x + 7( )2

−1   

B) MEMORIZE THIS: A quadratic function in vertex form   has a vertex  . 
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C) REQUIRED PRACTICE 2: Pages 417: State the coordinates of the vertex for the quadratic functions given 
in Questions 1, 2 & 3.  {Answers are on page 7 of these notes.} 

III) GRAPHING QUADRATIC FUNCTIONS WRITTEN IN VERTEX FORM USING THE POINT PATTERN:  
A) The points used to draw a parabola can be created using a pattern we’ll call the POINT PATTERN.  The POINT 

PATTERN begins at the vertex and moves horizontally in the x-direction then vertically in the y-direction to 
create the points necessary to draw the parabola.  The most basic quadratic function is   y = x 2 ; we’ll call its 
parabola the BASE PARABOLA.  The base parabola is drawn using the basic point pattern.  All other 
parabolas are variations of the base parabola and are drawn using variations of the basic point pattern.  This 
means it is essential that you memorize the information given here. 
1) The point pattern is defined by the most basic quadratic function                          When written in vertex 

form with the values of a, p and q included, it is                                     , therefore its vertex is                 . 

The BASE PARABOLA is defined by                                 .  It opens up and has a vertex of                 . 

B) THE FOLLOWING IS A SUMMARY OF THE INFORMATION NEEDED TO GRAPH A 
QUADRTIC FUNCTION IN VERTEX FORM.  BE SURE TO UNDERSTOOD AND MEMORIZED!! 
1) When quadratic function's leading coefficient is 1, i.e. When a = 1, the x-direction pattern is x = 1, 1, 1 

and the y-direction pattern is y = 1, 3, 5.  These patterns can be extended as far as necessary. 

BASIC POINT PATTERN: When               : the x-direction pattern:  x =   

the y-direction pattern:  y  =   

C) SAMPLE PROBLEMS 3: Study these examples carefully.  Be sure you understand and memorize the 
process used to complete them. 
1) Graph   y = x 2  on the grid provided below. 

Step 1: Determine the parabola's vertex and its direction of opening. 
 •    
 •    , ∴a is positive, ∴ parabola opens in the positive y-direction which is UP. 

Step 2: Plot and label the vertex on a labeled grid then use the POINT PATTERN to plot at least three 
points on either side of the vertex. 

 •  Since             , the point pattern is: 
o  x =                     moving in both directions from the vertex. 
o  y =                      moving UP from the vertex on both sides of the vertex. 

 •  Draw the parabola by plotting right half points then left half points as follows:

 

 !  Right half:  From the vertex, move 1 unit right in the x-
direction, 1 unit up in the y-direction then plot the first point.  
From this point, move 1 unit right in the x-direction, 3 units 
up in the y-direction, then plot a point.  From this point, 
move 1 unit right in the x-direction, 5 units up in the y-
direction, then plot a point.  If possible, from this point, 
move 1 unit point in the x-direction, 7 units up in the y-
direction, etc. 

 !  Left half:  From the vertex, move 1 unit left in the x-
direction, 1 unit up in the y-direction then plot the first point.  
From this point, move 1 unit left in the x-direction, 3 units 
up in the y-direction then plot a point.  From this point, move 
1 unit left in the x-direction, 5 units up in the y-direction then 
plot a point.  If possible, from this point, move 1 unit left in 
the x-direction, 7 units up in the y-direction, etc. 
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2) Graph   y = x + 2( )2
−3  on the grid provided below. 

Step 1: Determine the parabola's vertex and its direction of opening. 

 •    

 •    , ∴a is positive, ∴ parabola opens in the positive y-direction which is UP. 

Step 2: Plot and label the vertex on a labeled grid then use the POINT PATTERN to plot at least three 
points on either side of the vertex. 

 •  Since             , the point pattern is: 

o  x =                     moving in both directions from the vertex. 

o  y =                      moving UP from the vertex on both sides of the vertex. 

 •  Draw the parabola by plotting right half points then left half points as follows: 

 

 !  Right half:  From the vertex, move 1 unit right in the 
x-direction, 1 unit up in the y-direction then plot the 
first point.  From this point, move 1 unit right in the 
x-direction, 3 units up in the y-direction, then plot a 
point.  From this point, move 1 unit right in the x-
direction, 5 units up in the y-direction, then plot a 
point.  If possible, from this point, move 1 unit point 
in the x-direction, 7 units up in the y-direction, etc. 

 !  Left half:  From the vertex, move 1 unit left in the x-
direction, 1 unit up in the y-direction then plot the 
first point.  From this point, move 1 unit left in the x-
direction, 3 units up in the y-direction then plot a 
point.  From this point, move 1 unit left in the x-
direction, 5 units up in the y-direction then plot a 
point.  If possible, from this point, move 1 unit left in 
the x-direction, 7 units up in the y-direction, etc. 

 

D) REQUIRED PRACTICE 3: Graph these quadratic functions found in these questions.  REMEMBER to state 
the vertex, the leading coefficient and the point pattern.  {Ans.  See your teacher.} 

1a)   y = x + 4( )2
−6  1b)   y =

−
x −1( )2

+ 7  1c)   y = x −9( )2
 1d)   y = −x 2 + 5  

2) Page 417: Questions 1(a), 2(a, b, c & d). 

E) THE FOLLOWING IS A SUMMARY OF THE INFORMATION NEEDED TO GRAPH A 
QUADRTIC FUNCTION IN VERTEX FORM.  BE SURE TO UNDERSTAND AND MEMORIZE THIS 
INFORMATION!! 
The x-direction pattern is always x =                           and the y-direction pattern is created by multiplying the 

y =                             of the base point pattern by the leading coefficient of the quadratic function as follows: 

y =                            .  i.e.  The y-direction pattern for   y = 3x 2  is y =  . 

The x-direction pattern: x =                            ;   The y-direction pattern: y =   
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F) SAMPLE PROBLEMS 4: Study these examples carefully.  Be sure you understand and memorize the process 
used to complete them. 

1) Graph   y = −2 x +1( )2
 on the grid provided below. 

Step 1: Determine the parabola's vertex and its direction of opening. 

 •    

 •    , ∴a is negative, ∴ parabola opens in the negative y-direction which is DOWN. 

Step 2: Plot and label the vertex on a labeled grid then use the POINT PATTERN to plot at least three 
points on either side of the vertex. 

 •  Since             , the point pattern is: 

o  x =                        moving in both directions from the vertex. 

o  y =                                                                                  moving DOWN on both sides of vertex. 

 •  Draw the parabola by plotting right half points then left half points as follows: 

 

 !  Right half: Move 1 unit right from the vertex in the x-
direction, 2 units down in the y-direction then plot the 
first point.  From this point, move 1 unit right from in 
the x-direction, 6 units down in the y-direction, then 
plot a point. From this point, move 1 unit right in the 
x-direction, 10 units down in the y-direction, then plot 
a point.  If possible, from this point, move 1 unit right 
from in the x-direction, 14 units down in the y-
direction, etc. 

 !  Left half: Move 1 unit left from the vertex in the x-
direction, 2 units down in the y-direction then plot the 
first point.  From this point, move 1 unit left in the x-
direction, 6 units down in the y-direction then plot a 
point.  From this point, move 1 unit left in the x-
direction, 10 units down in the y-direction then plot a 
point.  If possible, from this point, move 1 unit left in 
the x-direction, 14 units up in the y-direction, etc. 

2) Graph 
  
y = 1

2 x 2− 4  on the grid provided below. 

Step 1: Determine the parabola's vertex and its direction of opening. 

 •    

 •    , ∴a is negative, ∴ parabola opens in the negative y-direction which is DOWN. 

Step 2: Plot and label the vertex on a labeled grid then use the POINT PATTERN to plot at least three 
points on either side of the vertex. 

 •  Since             , the point pattern is: 

o  x =                        moving in both directions from the vertex. 

o  y =                                                                                  moving UP on both sides of vertex. 

Continued on the next page. 
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 •  Draw the parabola by plotting right half points then left half points as follows:

 

 !  Right half:  From the vertex, move 1 unit right in the 
x-direction,  

1
2  unit up in the y-direction then plot the 

first point.  From this point, move 1 unit right from in 
the x-direction,  

3
2  units up in the y-direction, then plot a 

point. From this point, move 1 unit right in the x-
direction,  

5
2  units up in the y-direction, then plot a 

point.  If possible, from this point, move 1 unit right 
from in the x-direction,  

7
2  units down in the y-

direction, etc. 

 !  Left half: From the vertex, move 1 unit left fro in the 
x-direction,  

1
2  unit up in the y-direction then plot the 

first point.  From this point, move 1 unit left from in the 
x-direction,  

3
2  units up in the y-direction, then plot a 

point. From this point, move 1 unit left in the x-
direction,  

5
2  units up in the y-direction, then plot a 

point.  If possible, from this point, move 1 unit left 
from in the x-direction,  

7
2  units down in the y-

direction, etc. 

H) REQUIRED PRACTICE 4: Graph these quadratic functions found in these questions.  REMEMBER to state 
the vertex, the leading coefficient and the point pattern.  {Ans.  See your teacher.} 

1a)   y = 2 x + 3( )2
−8  1b)   y = 2x 2−5  1c)   y = 3 x −5( )2

−9  1d)   y = 1
2 x −6( )2

+ 2  

1e)   y = 1
3 x 2− 4  1f)   y = −1

2 x + 4( )2
+ 8  1g)   y = −1

4 x + 2( )2
 

2) Page 417: Questions 1(b, c, d & e).), 2(e). 
  

CONCLUSIONS: TO BE UNDERSTOOD AND MEMORIZED!! 

I) When a quadratic function is written in the vertex form   

A) The vertex of its parabola is                      .  Be careful of the signs!! 

B) The x-direction point pattern is always   

C) The y-direction point pattern is always y =   

D) When                       (which means a is a positive number) the parabola opens up. 

E) When                       (which means a is a negative number) the parabola opens down. 
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ANSWERS TO THE REQUIRED PRACTICE 

Required Practice 1 from page 2 

a)    y = x − −9( )2
+ 3 ∴  p = −9, q = 3      b)    y = 7 x −6( )2

+ −89 ∴  p = 6, q = −89  

c)    y = x − −3( )2
+ −4.2 ∴  p = −3, q = −4.2      d) 

   
y = 1

7 x − −9( )2
+ −1 ∴  p = −9, q = −1  

Required Practice 2 from page 3 
1a)   3,  7( )      1b)   

−7, −3( )      1c)   2, −9( )      1d)   
−1,  10( )      1e)   0,  5( )    ;    2a)   0,  3( )     2b)   

−2, −5( )     2c)   
−4,  2( )     

2d)   3, −6( )      2e)   0,  5( ) ;    3)   
−2,  7( )  

  

  

DO NOT USE THESE GRIDS FOR YOUR ASSIGNMENT 
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DO NOT USE THESE GRIDS FOR YOUR ASSIGNMENT 

  

  


